Total phenolic content and DPPH radical scavenging capability of the bran layer, flour made from endosperm and whole grain of wheat were determined. Fifteen different wheat samples of ten spring and five winter wheat varieties were analyzed. The spring wheat varieties were grown in both conventional and organic conditions. The total phenolic content of the bran layer found to be the highest (1258-3157 µg/g), followed by that of grains (168 -459 µg/g) and the lowest of flour (44 -140 µg/g). The bound phenolic acids were quantified by CE-DAD analysis after alkaline hydrolysis. Ferulic acid was a major compound among phenolic acids found in wheat varieties.
Introduction
Wheat (Triticum aestivum) is an important agricultural commodity and a primary food ingredient worldwide. It contains important beneficial nutritional components. Wheat and wheat-based food ingredients rich in natural antioxidants can ideally serve as a basis for development of the functional foods designed to improve the health of millions of consumers. Growing evidence indicates that intake of whole wheat foods may associated with health benefits including the reduced risk of coronary heart diseases and certain type of cancers [1, 2] . These beneficial effects are attributed to the bioactive factors in wheat grain such as non digestible carbohydrates and phytochemicals [1] [2] [3] . One group of phytochemicals with small molecular weight present in wheat grain is antioxidants. These include but are not limited to carotenoids, tocopherols, lignans, flavonoids and phenolic acids. Antioxidants are defined as molecules that, at low concentration and specific assay conditions, can delay or prevent oxidation of an oxidizable substrate [4] . These antioxidative components may prevent life important molecules such as DNA and enzymes from oxidative damages through different mechanisms. For instance, wheat antioxidants may directly react with the reactive oxygen species (ROS), such as hydroxyl radicals or singlet oxygen molecules, to terminate the attack of the latter on biological molecules.
There are a number of studies on the phenolic acids contained in wheat [5] [6] [7] [8] , while information on the content of the other polyphenols (lignans, flavonoids) of wheat is poor. Most lignans were found in wheat bran [9] [10] [11] . Several flavones (apigenin, luteolin, chrysoeriol, tricin) were detected in the leaf tissue of wheat in their glycoside forms [12] . The major flavonoids in wheat are apigenin-C-diglycosides (flavonols) [13] , cyanidin-3-glycosides and peonidin3-glycoside (anthocyanins) [14] .
Phenolic acids and flavonoids are present in cereals in free, soluble conjugated and insoluble bound forms. Previous studies reported on the presence of phenolic acids in wheat grains mostly in the bound form, while the majority of them exist in the aleurone layer and bran associated with cell wall materials, such as polysaccharides and lignans [15] [16] [17] [18] .
HPLC has mainly been used to determine the phenolic content of wheat [13, [19] [20] and only some authors have separated phenolic acids by capillary electrophoresis [21] .
The aim of the present work was to compare the antioxidant activities of different wheat varieties and determine their total phenolic content spectrophotometrically. For the analysis of bound phenolic acids as the most abundant form of phenolic acids in wheat, capillary electrophoresis (CE) was employed. The main advantages of the latter are high efficiency, reduced sample and solvent requirements and simple instrumentation.
Experimental

Materials
Wheat grains and their respective bran and flour of different varieties, which were grown in both conventional and organic conditions, were obtained from Jõgeva Plant Breeding Institute (Estonia). The winter varieties analysed were Anthus, Bjorke, Olivin, Portal, Tarso while of the spring varieties, Helle, Manu, Meri, Triso, Vinjett were subjected to analysis. All samples were harvested in 2008 (Table 1) .
All the chemicals were of analytical grade and were used as received. For extraction, methanol from Fluka (Buchs, Switzerland) and diethyl ether from Sigma-Aldrich (Germany) were used. Sodium tetraborate, sodium hydroxide, sodium sulfate anhydrous, hydrochloric acid, Folin-Ciocalteau reagent and standard phenolic acids (syringic, vanillic, ferulic, p-coumaric, caffeic, gallic and sinapic acids) were purchased from Sigma-Aldrich (Germany). 
Extraction of free phenolics
Wheat grains were milled to a fine powder by using an ordinary grinder. The bran layer and flour were used as received. Three replicates (2 g each) of wheat bran layer, flour and grain were individually mixed and sonicated with methanol for 30 min. After sonication, the samples were centrifuged for 10 min at 2500g. The extraction procedure was repeated twice, the supernatants were pooled and evaporated to dryness and redissolved in 0.5 ml of methanol. The samples prepared were stored in a freezer until further analysis within a 3-month period.
Alkaline hydrolysis
After the methanol extraction the residue was hydrolyzed with sodium hydroxide. 20 ml of a 2M NaOH were mixed with 1 g of wheat bran layer, flour and grain residue. The mixture was mixed for 4 h and the pH was adjusted to two with a 6M HCl. Diethyl ether (100 ml) was added to the mixture, the container was inverted 15 times and then centrifuged at 1000g for 10 min. The supernatant was removed and the process was repeated with 75 ml of diethyl ether. The supernatants were pooled, dried with anhydrous Na 2 SO 4 , evaporated to dryness and redissolved in 0.5 ml of methanol.
Determination of total phenolic content
Each fraction of free phenolics (0.2 ml) was mixed with 1 ml of the Folin-Ciocalteau reagent and 0.8 ml of a saturated sodium carbonate solution. The mixture was allowed to stand at room temperature for 30 min and then the absorbance was measured at 765 nm in a Varian Cary 3C spectrophotometer (Varian analytical instruments, Harbor City, CA). The total phenolic content was expressed as microgram of gallic acid equivalent (GAE) per milliliter of solution. From these data the total phenolic contents of wheat bran, grain and flour were subsequently calculated.
Assay of DPPH radical scavenging activity
The DPPH free radical scavenging activity of wheat bran extracts was determined using a1mM DPPH solution. Each sample of wheat extracts at different concentrations in methanol (2 ml) was mixed with 2 ml of a methanolic solution containing 1 mM DPPH. The mixture was shaken, and then left to stand for 30 min in the dark. The absorbance was measured at 517 nm. The absorbance of the control was obtained by replacing the sample with methanol. The DPPH radical scavenging activity of the sample was calculated as follows: DPPH radical scavenging activity (%) = [1-absorbance of sample/absorbance of control] x 100.
All the tests were performed in triplicate. The EC 50 value was determined to be an effective concentration at which the DPPH radical was scavenged by 50%. The EC 50 value was obtained by interpolation from a linear regression analysis.
CE analysis
All experiments were performed using an Agilent System (Agilent Technologies, Waldbronn, Germany) with a UV-Vis diode array detector (DAD). A CE Chemstation was used for instrument control and data handling. The separation of phenolic compounds was performed in a fused silica capillary (Polymicro Technology, Phoenix, AZ, USA) with 50 µm i.d., 60 cm total length and 52 cm effective length. All measurements were carried out at 25˚C. The diode array detection was used over the range of 190-600 nm to obtain spectral data. Detection took place at 210 nm. Peak identification was achieved by comparing both the migration time and spectral data obtained from real samples and standards. In order to assure the identification of the selected compounds, the real samples were spiked with increasing amounts of each standard.
The calibration graphs were obtained by plotting the concentration (µg/ml) of selected phenolic acids in the range of 10-100 µg/ml, against peak areas, showing good correlation coefficients (≥ 0.989) for all compounds.
Prior to use, the capillary was rinsed with a 0.1 M NaOH solution for 5 min and with the separation buffer for 5 min. A 50 mM sodium tetraborate (pH 9.3) as a separation buffer was used. The applied voltage for the separation of polyphenols was + 20 kV.
Results and discussion
Free phenolics and antioxidative activity
The free phenolics of fifteen wheat samples were extracted separately from the bran layer, flour and grain (Table  1) with methanol in an ultrasonic bath. The phenolic contents (µg GAE/g) were determined by the Folin-Ciocalteau assay, the results are presented in Fig. 1 . It is evident from Fig. 1 ., that the bran layers have the highest content of total phenolics ranging from 1258 to 3157 µg GAE/g. This is not surprising because it is well known that phenolic compounds are concentrated in the bran and germ fractions of wheat that are removed during the milling of wheat into white flour. A comparison of the total phenolic contents of spring and winter wheat varieties, showed the latter to be more stable (samples 17, 18, 26, 28 and 31) in contrast with conventional spring varieties (samples 2, 3, 4, 12 and 13), whose content of total phenolics differed a lot and therefore may be assumed to be more variety-specific. Highly significant differences in total phenolic content were detected between the spring wheat variety Manu (1258 µg GAE/g) and Triso (3157 µg GAE/g). A similar trend may be observed in the case of whole grain and flour. Literature data report on different total phenolic contents of different parts of wheat grain. Use of different standards for the measurements of total phenolic contents makes the respective comparison quite difficult. Moore et al. [6] measured the total phenolic content of the bran of 20 different wheat genotypes. The phenolic content ranged from 2700 to 3500 µg GAE/g. Yu et al. [23] reported the content of phenolics of wheat flour to be from 177 to 257 µg GAE/g. These values are good comparable with our measurements. The researchers also found total phenolic content is closely associated on wheat genotype [6, 22] . 
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As seen from Fig. 2 . the total phenolic content of the spring wheat varieties grown in organic conditions is a little higher than that of the wheat grown in conventional conditions, with one exception only. From these results it may be concluded that growing conditions have a certain effect on the biosynthesis and accumulation of phenolic compounds.
Phenolic compounds have a potent antioxidant activity, their total phenolic content has been found to be significantly associated with different measure of antioxidant activity [23] including DPPH scavenging capacity [7] . It can be seen from Fig. 3 that the extracts with a higher content of phenolics possess a higher antioxidant activity (lower value of EC 50 ). The difference in antioxidant activity between different wheat varieties may be due to the different composition of the phenolic compounds present.
CE analysis of bound phenolic acids
From literature it is known that the phenolic acids in wheat grains are present mostly in the bound form with other grain components such as starch, cellulose, β-glucan and pentosane [15, 24] . Insoluble bound phenolics may be released by the base, acid or enzymatic treatment of samples prior to extraction. In the present work, the alkaline hydrolysis was performed before extracting these compounds with diethyl ether.
To determine the concentration of each individual phenolic acid, CE was used for separation and each fraction was subsequently quantified by UV adsorption. As shown in Fig. 4 , six phenolic acids were separated and identified. This method is well reproducible and provides good separation in terms of migration time and resolution.
The results of quantification are presented in Table 2 . CE analysis showed that in the extracts of bound phenolic acids of two wheat varieties, a dominant phenolic acid identified was ferulic acid, followed by sinapic, syringic, vanillic and p-coumaric acids. The caffeic acid was present only in the spring variety. The content of ferulic and sinapic acids of the winter variety was two times higher than that of the spring variety, respectively 532.4 µg/g and 268.9 µg/g for ferulic and 272 µg/g.1 and 121.1 µg/g for sinapic acid. Ferulic acid comprise of 48% and 60% among total phenolic acids in spring and winter wheat bran, respectively. 
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From Table 2 it is seen that the total content of bound phenolic acids of the winter wheat variety (892.2 µg/g) is higher than that of the spring variety (569.1 µg/g). It may be assumed that in the case of winter wheat the environmental conditions in the growing phase are more stressful for the plant. This is an agreement with well know fact that phenolic compounds as secondary metabolites are synthesized by plants during growing phase more in response to stress than in normal conditions. 
Conclusions
It was demonstrated that CE is a suitable and accurate method for the separation and quantification of phenolic compounds in wheat samples. The content of bound phenolic acids of winter wheat was found to be significantly higher than that of spring wheat. The contents of total free phenolics of all winter wheat varieties were quite similar. It was also established that the phenolic content of the wheat varieties grown in organic conditions grown was higher than that of the wheat varieties grown in conventional conditions. Separation buffer: 50 mM sodium tetraborate (pH 9.3). The phenolic acids separated: 1 -sinapic acid, 2-syringic acid, 3 -ferulic acid, 4 -p-coumaric acid, 5 -vanillic acid, 6 -caffeic acid.
